Twenty-two patients underwent cardiac catheterization before and an average of five months after aorto-coronary bypass operation (ACBO). Two groups were examined: 10 patients with all grafts patent, and 12 patients with one or more grafts occluded. All patients improved symptomatically, regardless of graft patency. However, in the occluded group, left ventricular enddiastolic pressure (LVEDP) increased (4.4 + 2.2 mm Hg, P < 0.05), stroke volume index fell (9.8 + 3.1 ml/m2, P <0.05), ejection fraction decreased (10 + 4%, P <0.05), and left ventricular stroke work index fell (12 + 3 g-m/m2, P < 0.01).
who are severely limited by angina pectoris. However, patients who have coronary artery disease with minimal symptoms, or with symptoms that are medically well controlled, present a more difficult therapeutic decision. The dilemma arises because it is not known whether ACBO preserves viable myocardium or whether it reduces mortality from coronary artery disease. Despite this lack of basic information, the assumption that these latter two goals will be realized provides the rationale for recommending operation to patients with minimal or mild symptoms attributable to coronary artery disease."
Because of the difficulties inherent in carrying out an extensive randomized study to assess the results of an operation that has generated such enthusiastic support, the critical question of whether or not th( operation influences longevity will be extremel difficult to answer. However, some insight regard ing the question of whether or not operation preserves myocardial function can be derived from more modest studies than those required to answer the longevity question. To grafts, and three had triple vein grafts. The right coronary artery was bypassed in 10 patients (three grafts were occluded); the left anterior descending artery was bypassed in 14 patients (five grafts were occluded); and the left circumflex artery was bypassed in 12 patients (13 grafts-seven were occluded). The data were analyzed statistically using a two-sided paired t-test. For purposes of qualitative assessment, the left ventricle was divided into the three following areas: anterior wall, inferior wall and apex. The preoperative and postoperative cineangiograms for each patient were reviewed by at least two of the authors to determine whether or not each segment of the left ventricle had improved, deteriorated or remained unchanged. Wall segments were classified into one of four possible categories: normal, hypokinetic, akinetic, or dyskinetic. 1) Normal-the segment had synchronous and inward movement of good amplitude throughout. 2) Hypokinesis-a portion or all of a segment had inward movement judged qualitatively to be diminished in amplitude. 3) Akinetic-a portion or all of the segment had complete absence of wall motion. 4) Dyskinetica portion or all of a segment had paradoxical systolic outward motion. Discrete new areas of impaired apical contractility, which could be attributed to the surgical vent site, were excluded from consideration in the analysis of apical segmental wall function. Improvement was defined as an increase in the amplitude of inward wall motion and/or a decrease in the area involved by any given abnormality. Deterioration was defined as a decrease in the amplitude of inward wall motion and/or an increase in the area involved by any given abnormality.
Based on this segmental analysis, another qualitative judgment was made as to whether or not the left ventricle as a unit had improved, deteriorated, or remained unchanged. After these qualitative changes were assessed, they were correlated with the location and patency of the aorto-coronary grafts. Whenever segmental deterioratio,n was noted, preoperative and postoperative coronary arteriograms were compared to determine whether or not progression of the underlying coronary artery disease accompanied this change.
Results

Clinical Aspects
At the time of postoperative evaluation, all 22 patients were clinically improved although two remained in the same functional class ( fig. 1 ). Of the 37 individual saphenous vein grafts, 22 were patent yielding a patency rate of 60%. Five of the 10 patients in the patent group and eight of the 12 patients in the occluded group still had angina pectoris. Seven patients in the patent group and five patients in the occluded group had preoperative exertional dyspnea; three of the seven in the patent group and two of the five patients in the occluded group continued to have this symptom postoperatively. Two Two other patients, each of whom had one occluded and at least one patent graft, probably sustained a perioperative acute myocardial infarction. One was subsequently free of angina. Thus, the incidence of perioperative infarction, probable or documented, was 18% (4/22 patients).
Hemodynamics
The hemodynamic data for both groups are listed in tables 1 and 2. The group mean differences between the pre-and postoperative studies are summarized in table 3. A negative sign indicates that a decrease occurred from the preoperative value.
End-diastolic volume ( fig. 2 ) did not change consistently in either group and none of the patients had mitral regurgitation either preoperatively or postoperatively. However, considering a change of greater than 20% in either direction as significant, (fig. 4 ). In the patent group, one patient appeared improved, five were unchanged and four were worse. In the occluded group, none of the patients improved, three were unchanged, eight were worse, and one did not have stroke volume measured. The change in left ventricular stroke work index was related to the change in left ventricular enddiastolic pressure ( fig. 5 ). In the patent group, one patient improved, five were unchanged, and four were worse. In the occluded group, none of the patients improved, four were unchanged, seven were worse and one did not have left ventricular stroke work index measured.
It should be pointed out that there was a good correlation in most patients between stroke volume determined by angiography and by green dye. Occasionally, however, wide discrepancies were noted. As a result, similar hemodynamic analyses to those above were made employing stroke volume as determined by the green dye method. The results of the data were similar, regardless of which technique was used to measure stroke volume.
Angiography and Segmental Wall Function
Results of the qualitative segmental analysis of left ventricular contractility are illustrated in figures [6] [7] [8] . Figure 6 depicts the changes noted in the 28 segments receiving blood from patent vein grafts.
Coexistent occluded grafts were not present at any of these sites. Six segments showed improvement in contractility, one of which probably reflected plication of an apical aneurysm. The remaining five segments that improved were all hypokinetic preoperatively and remained hypokinetic, though less so, postoperatively. Thirteen segments were unchanged, and nine deteriorated despite graft patency. In seven of these nine segments, involving four patients, no anatomic basis for the functional deterioration could be found despite technically adequate angiographic studies of both vein grafts and coronary arteries. Severe stenosis of the coronary artery at the site of vein graft anastomosis, probably surgically induced, was noted in one. One study was technically inadequate. The pre-to postoperative change in stroke work index plotted against, the pre-to postoperative changes in left ventricular end-diastolic pressure. Only one patient in the patent group-clearly improved. Figure 7 depicts the changes noted in the 22 segments situated in the potential region of supply of an occluded vein graft. Coexistent patent grafts were not present at any of these sites. None of the segments improved, 14 remained unchanged, and eight showed deterioration. Progression of the underlying coronary artery disease proximal to the site of vein graft anastomosis was probably responsible for the deterioration of five of these eight segments. In three, however, no anatomic basis for the deterioration could be found. Figure 8 depicts the changes noted in segments supplied by both patent and occluded grafts. None of the segments improved, four remained unchanged, and six deteriorated. Deterioration of both the anterior and apical segments in one patient (F.K.) was probably secondary to severe angulation of a coronary arterial branch at its site of anastomosis with an occluded vein graft. No anatomic basis could be found for the functional impairment in the remaining four segments that deteriorated.
Six In the ten patients with all patent grafts, three showed over-all improvement, three were unchanged and four had deteriorated. In the twelve patients with at least one occluded graft none were improved, three were unchanged, and nine had deteriorated. Moreover, we found that deterioration of segmental wall motion was not uncommon even in the presence of a patent graft with good run-off.
SEGMENTS SUPPLIED BY BOTH PATENT & OCCLUDED GRAFTS
Deterioration of segmental wall function appeared to be due to graft occlusion and progression of disease in the proximal coronary artery in several of our patients, to severe stenosis of the coronary artery at the site of the graft anastomosis in one, and to severe angulation of the coronary artery at its site of anastomosis with an occluded graft in another. Although an underlying anatomic explanation for deterioration of segmental wall function could be found in some of our patients, no anatomic mechanism could be discerned for nearly two-thirds (14/23) of the segments that exhibited new or increased impairment. These data are similar to those of Bourassa et al.14 Therefore, it would appear that the most likely cause of the myocardial deterioration in those patients in whom progression of the underlying coronary artery disease could not be documented was intra-or perioperative myocardial infarction.16' 17 Disruption of the important apical collaterals by the left ventricular apical vent may have been a contributing factor in some patients' conditions. Furthermore, there was a significant increase postoperatively in mean heart rate. Such a change could have influenced the final outcome by resulting in a chronotropically mediated increase in myocardial contractility. Alternately, the increased rate could have caused increased ischemia and thereby caused a decrease in myocardial function. On the basis of our data it is not possible to determine whether or not the increase in heart rate contributed to the observed results.
One of the problems that often arises when the results of ACBO are assessed accrues from sampling bias. For example, many patients who are asymptomatic postoperatively are often unwilling to be recatheterized. Thus, the results of many studies are necessarily weighted toward the patient with a poor operative result. In our own institution, postoperative studies are carried out routinely, regardless of symptoms, with successful follow-up in over 95% of patients. Therefore, the present investigation comprises a consecutive series of patients. The only patients excluded were those who did not have quantitative ventriculography (patients studied preoperatively at other institutions), and those who did not have adequate studies due to technical problems. Thus, the incidence of impaired myocardial function, observed postoperatively, cannot be attributed to a biased selection of a group with poor symptomatic results.
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